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The BEA Quarterly Model s a Foreastng Instrament

SINCE the early 1960's, there has
been an explosive growth in the number
of econometric 'wodels of the TS
eeomony. The medals wow: existing
differ eonsiderably as to the underlying
theoretical framework, intanded use,
extent of disaggregdtion, specific for-
mulation of comparabie relationships,
and time unit (month, quarter, or year).

The Buresu of Economic Anglysis
{(BEA) quartorly model belongs to tha
family of “large” models whose primary
uge is in forecasting. It is also used to
analyze the impact of slternative Gov-
ernment policies. It is a substantially
ravizged and enlarged version of o model
publithed in 1966.) The model now
containg 63 behavioral equations. The
muode] equations mnd an explanation of
then are presented in a BEA steff
paper.? Aninterim version of the madel,
together with an analysis of sample
poerind predictions and cyelical proper-
Siea, is presented elsewhera?

This article examines and evaluates
the predictive and forecasting proper-
ties of the model. In the present con-
taxt, the following distinction iz drawn
between prediction and forecasting.
‘Prediction pertains to the determins-
tion of walues of the *endogenous”
variables in the modal {the varisbles
that are explainad by the sysiem of

equations), when the wvalues of the
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“‘sxogencus” varisbles (those thei are
determined outside tha syitem) and the
“initis] comditions” (velues of hoik
linds of varisbles in the period(s) just
before the prediction period) are “given'
{in the semnse of being kEnown or being
hypothetically assumed). Predictions
can refer to the past as well Bs to the
future. One may also essume both the
initial conditions snd $he exogenous
variable hypothetically, in which case
the predictions do noi pertain to any
historicel time period st all. The pre-
dictions that are wnelyzed in this ar-
ticle, howaver, were made with actual
initial conditions and known exogenous
variables.

Forecasting refers to the estimation
of the probable fature values of eco-
nomic veriables. Forecasts differ from
predictions in thet they require judg-
mental forecasts of exopencus variables
in place of known or hypothetical
values. {As is explained later, most
econometric foracasters introduce other
judgmental elements sz well) They
share in commeon with predictions the
feature thet the model tranzletes the
initiel conditions and exogenons vari-
pbles into a st of endogenons putputs.
The end result in the cese of forecasts,
however, is a set of unconditionally
stated expecistions of what is most
likely to happen, thus contresting with
the conditione] nature of predictions.
(In practics, weo frequently deviste
from forecasting in this pure sense hy
generating more than one sat of sutpuis
for a given tima period, based on altor-
native essumpiions for some of tha
inputs.)

" ‘The first major section of the nrticla
presents an investigation of the errors
made when the meodel iz used without
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judgmental modifications  to  predict
bath within and beyond theé “sample
pariod," that is, the period from which
the data used o fit the equetions are
taken. The basie aummary statistic
usad to messure error is the “root mesn
square error,” which is defined later.
While the main focus is-on the guantita-
five accuracy of predicdons, the degres
of snccess in predicting business cycle
turning points is also examined. The
second major section analyzes the record
of errors in actual forecaata made with
various vetsions of the BEA model
over the period 1966-71 snd compares
those results with the post-sample
predietion errore and with ervors gener~
ated by cerkain other procedures. A
final seciior summerizea the major
statisticel fndings. '

The whole inquiry—both its predice
tion and forecasting aspects—is aimed
at the gquesiion: How reliable iz tha
maodel as e forecasting instrument? The
article does not provide an unambigu-
oud answer to this question. However,
both the gquantitaiive arror statistics
snd the analysis of turning peini pre-
dictioms show a substantisl tendency
boward deterioration as the prediction
or forecast horizon lenigthens. Since =
large part of the impact of many kinds
of Government economic policy actions
otcurs several quarters after such ac-
tions, forther improvemenis in econo-
metric modeling are desirable.

An ecopoimetrie model is a set of
equations comprised of behavioral rela-
tiomships plus “idemtities,” or defini-
tiona! reladoncghips. The behavioral

‘relationships . are specified (ps far as

possible) on the basis of economic
theory and are estimated by fitting
regressions fo actual data. A basic
assumptiom is that the relationships
aTe “stochastic.” That is, even if all of
the imporfant causai determinants are
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mc.]uded ws explanatory veriables in an
equnuﬂn and the form of the. aquatmn
is properly specified, there remains a

randoma or unexplained ermor term

{uftan r:.n]]ad “dizsturbance’) which rep-
resents the net effect of the myriad
other forces that are acting on the
dependent variable,

_ The stochastic nature of the behav-
ioral relationships is a fundementsl
source of prediction error in an econo-
matric model. The unexplained, and
therafore unpredictable, random dis-
turbances ere a direct cause of errers
in the dependent (endogencus) wvari-
ablez. They also canze prediction error
indirectly since in the estimation proc-
. ez they give rise to samplmp errors in
the coefficiants; and erronsous coefli-
cients result in wrong predictions of
the affects that changes in one wariable
have upon another.

A second source of prediction error
is exrors m spedfying behavior relation-
ghips, Specification exrors can take the
form of omission of important causel
variables that should be included, ip-
clusion of varisbles that should be
excinded, or incorrest mathematieal
formulaton of the function. A related
source of error which manifests itself
primgrily in post-sample predictions
nnd forecasts is struetural change, i.e.
the tendency for the “trus™ parametars
of the system to change over time. It
cen he argued that this phenomencn
sitoply reflects omission of variables,
but zuch omissions can be menifold and
hard to pinpoint or quantify.

A third class of sonvees of prediction
erTor Ere varions special problams of
estimation, As in the ecase of random
disturbances, these problems can give
rise to prediction error via their iend-
ency to yield incorrect estimates of
parameters. These include intercorre-
lation =mong explanatory wvariables,
autocorreletion of disturbances, simul-
taneity of equations, inclusion of lagged
dependent variables, errors in the meas-
nrement of data, and agan, errors In
specification. The deficiant character-
istica of the estimated cosfficients that
arise when appropriate corrective econ-
ometric techniques are not or cannot
ba applied are mainly +<biss (the
tetideriey to vnder- or overestimate the
parsmeters), and “insffelency” (the
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tendency for parameter estimates based
on different semples of data o be
widely dispersed).

Forecastz are suhjmr. to all the
sources of prediction error, but Shey
are alzo subject to edditional sources of
error. First;, there ara errors in pro-
jecting exogenous venables. Second,
there are emors in the judgmental
adjusiments made to the model equa-
Hoos. Third, forecasts are normally
made using preliminary {and sometimes
incomplete) data for initisl conditions;
this is a source of error that would be
abzent if complete revised dats were
used.

Fortunately, the law of large nura-
bers in statistics leade us to expect that
the various aources of error tend to be
offsetting in thelr impact on the pre-
diction of particular vanables. As the
avidenocs presenéed in this articde shows,
thers is an snslogous oflsebting tend-
ancy with respect to errors in the com-
ponents of key spgragates.

Prediction Errors

Thers is no diract way to test the
forecaating ability of a model prior to
gcbusl forecasting wse. Howaver, sihce
prediction errors are likely to bs major
contributors te forecsating errars, an
obvious indirect tazt of & model's likaly
forecasting performsnce is to ses how
well the modal predicts endogenous

- variables in periods for which astual

values are Eknown, using known values
of exogenous varizhles, the latest re-
viged date for the initial conditions, and
perhaps cruds sstimetes of the direct
impacts of such exogencun factors es
mejor strikes or strike threats. Such
tests can ba made both within and
beyond the saippla pariod.

Testz bayond the sample pertod sre
particelarly erucial sines thesa indicate
the stability of the modal relationships;
pood performance within the sample
pericd may reflest, in part, ad hoe
selection of relationships on the eri-
terion of fit. Tnfortunaiely, the ‘‘de-
greos of freedom” provided by usabla
fime series observations are relativaly
searee. Accordingly, most of the avail-
able observations must be used for
fitting the model’s equations, leaving
only & small number of awvailable
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periods for postsample testing. Fox
this zeascn, ss well 3z ihe need fo
determine how well® the post-sampla
performance holde ap relative to thet
of tha sample period, the error stadstics
for the latter provide important addi-
tionsal information.

One- Lo six-guarter predictions

Tha quantitative prediction errors
were obtained by running dynamic
simulations for overlapping six-quarter
spans covering hoth the bulk of the
sample period, which is 1953-J1—
1988-IV, and a post-sample period
(1989-1—1971-I1) and comparing pre-
dicted with metual valres. In dynamic
predictions, computed rather than
artual values of lapped endogenous
variables are weed as inputs for sub-
sequent periods. The firet sample-period
prediction sequence begine in 1983-IV
and ends in 1955-1; the sacond begins
in 1954-I snd ends in 1955-I1, and eo
on, through the ssquence ending in
1988-IV. A six-qunrter span was chosen
because that iz s wvsual foreeasting
horizon. Error statistics {to bhe de-
scribed shortly) were ealeulated for all
predictions one guarter ahead, all
predictions two qusrters shesd, . .
and &ll predictions six querters ahesad.
In order to calenlate all tha symmary
error statistics with the same number
of obsarvations for all horizons and to
hava all of them cover the same time
period, errors fir periods prior to
18551 were nod used. Thus, the sam-
ple-poriod arror statisties ave hbaged
on 36 sots of predictions covering the
14 years from 1955-1 throngh 1963-IV.
For the post-sample period, thare are
only 10 sets of predictions covering
the 214 yesrs from I069-1 through
1971-1Y.¢ '

In making the predictions, account
was taken of sarisl correlation im the
equation residuals, thet is, the tendaney
for the residuals of successive time
periods to be systematically related;
this is, after &ll, useful information that
shoylid not be disearded in making pre-
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to the Faly 1672 ravidon of the tutbrm] incarss mod froduct
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werlahies agaimt which srrork sre mestursd wra bassd on
the sccodnks a3 of Tually 1571,



dictions. Specifically, in equations in
which serial correlation is significantly
present, sdditive sadjustments were
made to the constant term based on the
last two observed residuals prior to the
predicion period and the estimated
antocorrelation -coefficient, The adjust-
ments are such that they decay from a
weighted average of the two residuals
toward zero over the prediction peried.
In algebraic terms:

Adjyyym 34 blle, L bee)

where ¢; is the observed residnal in the
injtial quarter (first quarter prior to
pre'dj.ctiﬂﬂ pEti » By is ﬂlB residual
. in-the previous quarter, b is the esti-
mated auntoemrelation coefficient, and
{ s the number of quarters from the
- initiel guarter being predicted.®

Sice of prediction errors

The basic summery error. statisfic
in this study is the root mean square
error {RMSE), which is giver by the

foymuls
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whers £, represents the predicted value
. for the i-th observation, A; the eor-
responding astual, and N the number of
ohservations. Alternative measures,
ench as the average absolute arror,’
could be used. However, the RMSE has
useful snslyticel characteristica; in
partieular, itz squara (the mean squara
error)} can be decomposed into contrib-
ating  elements, as shown later,
whereas the average abaolute arror
cannot. I should be kept in mind, when

1. mw wata wads to the "normealiced"t squs-
Uone Thim, i the depeindeit wariebile of 1 babirord aqi-
Hon Ehak i$ dthmted i comtirooting the mode]l BB oot &
Mmph endigwneus vardshis, Tk, for szampls, & ratio mch a5
CANHM (ocnibiiting saiviees SONRUmMPAION Py CAPER),
thett Lhe sfjmaifon i Aot Framainraed 8a that omby o dngls
rodogencus varfable appasrs on tha leik. In fhe sxanple hars,
both Hide of the sqaation oo first multiried by W (pam-
Tutian) Ludore tha adjustnent inreaals 18 sppied.

It shouold b noted shat uss of fbe aberes formuls for g
suuiDlE Tl od Dradkeions 15 quantintiraly et vary Impor-
tani, alres many at ths stimated agnations slready soniteln s
comection for serlel correlation fn the raiduals wis the
Cotheand- Omutt"™ tre ngEnisden. This, with s B szcag-
Honx, the b sosfllsisnts ars ralativaly omall.

. Averagm abaelale ror=

e

.8, 1o com oM ng He am of tha errors, thealgna of indlvidosl
areen are dlaregacdud.
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evaluating RMSE Satistios, thet the

RMSE gives more weight to extreme

errors than does the averags abeolute
error and-thus tends to be 1

Sample perivod. Table 1shows RMSE 8
for the period 1955-I—1968-IV for pre-
dictions of major variables with
hotrizons of from one to six quarters.
Only RMEE's for endogenous com-
ponents of GNP are shown since

sxogenous veriables are assigmed their

netnal 'mluas and henco show ao £4T0T;

for this veason, exports, military im- -

ports, and povernmeni purcheses of
goods- and asrvices are not listed.
Second, it should ba neted thet the
model determines components of real
GNP and corresponding prica deflators;
thus the' EMSE's for current-dollar
magmitudes-—real magnitudes times
pricos—represant composites of errors
in the basic varisbles.

Two generslizations can be mads
abont thae BMEE's. Fiust, the errors
generatad prow in gize as tha prediction
horizen lengthens. This phepomenon
reflects aecumulation of errore through
Jepped veriables, which, after the first
predicted quarter, slso contain pradic-

tion errors. The tendency toward in-

crepsing error is greatly subdued in the
prediction of gquerterly changes, as
omn be seen in the second, ling of table 1
where RMBSE's for change in current-
dellay GNF are shown, The resson for
this iz that in any prediction sequence
the aecumulation of emors throngh
lagzad yerisbles tends to be in one
direction: to this extent, accumulation
iz registered in the levels, but not in the
c¢hanges. The secomd peneralization is
that EMBSE's for appregatos, such as
GNF or personal consumption expendis
turez, are less than the sum of com-
penent REMSE's. Thiz reflecta the
tendeney of ervors to bo offsetting.

The largest errors among components
of resl GNP are in nondursbles ¢con-
pumption, nonresidential fixed invest-
ment, and change in business invens
tories. (The size of the RMSE’s in non-
durables consumption i= not surprising
since this is the largest single component
of real final demand n the model)
Relative sizes of exrors in the real final
demand components are ronghly re-
flacted in those of the corresponding
current-doliar magnitudes.

RMEE’E :I.'ai' parsonal mmma ure '
lu.rger than- those for. mrpura,ta proﬁta .
and i mcre_nﬂa more rnpidly ns. the 1:&'@-
diction horizon . lengthens” However,
proﬁiaa ore much amaller then persopel -
inceme; thus, in puroentagve termas (Dotk
shown), profit pmmchuns f¥e sub]f.ct- o
oonsiderably larger errors.

Compared with errors in current-
dollax GNP and xesl GNP, &rrursmth&_
implicit: price deflator for private GNP

'msurpaimuglysma]l. Thiz can be seen

comparisons of root mean sguate
percentage errors for the thres’ megii-
tudes, as shown in the last three lines
of table 1. A parmnlmga error is com-
puked as

P-4
Tle,

end the root mean squsre percentage
error is caleulsted apalogomsly to the
RMSE. Because errors in tha price
lovel  predictions ere relatively awall,
errore in resl GNF carry through di-
rectly inko errors in correné-dollar GNP.
In the first prediction guarier, the voot
mesn sguare percent error in resl GNP
ic more than three times as great as
that in the private daflator. By the fifth
and sixth pradiction guarters this retie
is pearly four. However, the relatively
gmall errors in ths aggregate price index
refleat larger but offsetting errors emong
component pries defiators.

Errers in the unemployment rate
reflect, i part, those in resl output.
This is seen in the fact thet errors in
employment, which is directly related
to oirtput, are lagme {the mors so a8 the
prediction horizon lengthens) than those
in labor foree. Exrore in both short- and
long-term interest rates remain guite
low over the whole six-gquerter predic-
sion horizon. _

Post-sample period. Exror statistics for
predictions beyond the sampie period
are derived from only 10 sets of over-
lapping predictions covering 2% years,
a3 against 50 full sets covering 14 years
in the sample psnud Predictions over
six-guarter. spans in the post-samply
period {1969-1 through 1971-II) were .
obtained in the same way as the sample-
period predictions with two modifice-
tions: {1} The constant adjustments
ware made to decay over the prediction
horizon from the sverage of the last
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ﬁwi:n'p-arihdh' residusle prior to the pre-

. diction perigd towaid an averags of the
lnat eight quarl;a:m’ residunls rether than
tuward zere; T (2) special adjustments
were incorporited to handle the direct
* offecta of the Genersl Motors strika in
lite 1970. The first modificetion allows
for the fact that beyond the sample
period, the average prediction error of
the aquation mey differ from zere be-
eause of specification errors or gradual
siruotural change. Thie eight-guartar
avéraga error iz intended te represent
an updated long-run aversge of ex-
pected errora. The second madification
talkes into consideration that the impast
of the GM strite wss considerably
greater than that of previous sirilzes,
whose mean offects are represented

: . The Fortnuls utad {1
_AMA;-Hh'[{ar—l-u}+b{¢s-L-i-u=-}]+i-u.

wheo Ain=H ? s
T
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by the coefficients of strike dummy
variables.

Prediction srrors for the post-sernple
period, shown in table 2, are generally
Inrger then for the sample period, This
result is to be expected. Most of the
vaginbles in the model exhibit substan-
tisl growth irends. Tt ia thus natural
that the prediction errors should be
larger in the post-sample period when
the velues of the variables are larpe as
compared with those of the sampls
period. Furthermore, it can be showa
that even if the random disturbances
do not incrasea in size with that of the
endogenous variables, expected pradic-
ton arrors grow with the incressing
gap between current and sample mean
values of the explenatory varisbles. The
tendency toward incressing smror is ag-
gravated by errora in specification and
by straetural chanpea. Apother Lkely

Takhlv 2.—HRogt Myvan Sgoere Errm
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roggon for tha ‘arrors is that this
particular period was an inherently dif-
ficult ome to pradist.

For ourxent-dollsr GNP, the radio
of BRMSE's in the 1969-71 period to
BRMSEE's in the 195568 period avernges
te about 2.3 over the whole prediction
hovizon (see tuble 3). For real GNP
this ratio is aboui 1.7. For the private
GNP deflator, the ratio is 1.5 for voe-
guarter predictions and rizes to 2.6 for
gx-quarter predictions. The “amphfi-
cation” of the root mean equars per-
centage errors s much smeller, though
for each variable and all predicion
horizong it is s&ll greater than 1.0.

Among GNP components, errors in
pereonal consumption sxpendifures are
muck larper relative to errors in total
GNP in ths post-sample then in the
semple period. Most of this differanes
iz aceountad for by substantiaily largar

Tuble S.~=Ratios of Post=
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errors in pmhaaeg of autos and. parts

- and of nenhousing services, Errors in
_ imports are a]s-n much larger. B;r com-
frast, arrors in housing services are
smaller and errors in inventory invest-
ment are only moderately larger.

Errors in personal income are much
larger. This results from positive hies
“{discussed below) both in the average
private wage rate and in private em-
ployment, which resulé in large errors
i smployes compensation. The errors
in corporate profits, however, are only
slightly larger.

The unemployment rate is vty well
predicted on the average in one- and
two-quarter predictons, bat the eror
monnts mors Tapidly in enbsequent
guarters ihan in the comparable gquar-
tars within the sample period, Errors
in the short- and long-term interest
Tates are uniformly lerger.

Bias component of errore
To what extent are predictien errozs

the result of systematic Tactors rather

than puraly random? There are several
kinds ‘of systematic error, the most
importent of which = bins, that is,
& persistent tendency to underpredict
or overpredict.? The deeree of bias jn
sample period and posisample peried
predictions is exsmined hare.

Tha guantitative importance of bhias
can be anelyzed by decomposing the
mesn aquare oY (MSE) into the bias
component (P-A)*—that is, the sguare
of the average npradiction error—and
the werisnce of the error around the

aversge {(3%.,.J:
MESE=RMSE=(P-&)*}5% ,

" Tablé 4 shows, for semple-pearied
predictions of selected wvariables, the
average predicdon error (F-A), the
standard deviation of the mesn pradic-
tion error (SP.E), snd the “bias pro-
portion® of the MSE, that is (F-K)¥/

- 8. Twn otiver loncks of pystepysth rrormny honoted, Fliest,
woud I srhork s oo tha bvernge tinbissed, 1¥ Ix peaefids that
ine Jowr waloe ol a Tadnl]s aetisds w uedo predlcied widle
Tor nlgh walcek thay wra overorediotad, or viob vars, Boch
peadiobians are w4 to bé InwiBddent. Ansther sraiemabio
fagkar freqoently Gund In jodemontal Rorsepsts, {5 under-
moweiciion of chinged, whatier pastive ar negative. Tndar
sotimation of ahainga 3 b Neciadly Indomistant with
blisdnms and afinbiney.
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MSE. The average error is s diraet -

meazure of bies which preaervesmsmgn
(direction) and the hiss propertion in-
dicates the hmportance of biss in the
total error. Tabla 5 ehows the same

- gtatistics for post-sarnpls prediations.

During the sumple period, average
erroxs for current-dellar GNP and resl

GNP are smalil for the whole prediction -

horizon and not statistically significant.®
There is also an sbhsemce of significant
bias in most GNP components, per-
aonal income, corporate profits, the
imphicit deflator for private GNP, end
the unemployment rate. Thers is, how-
ever, & significant negative bias in im-
porta for all six quarters. There is also
& noticesble posifive biss in business
nventory investment, but it is not
significant at the 5§ percent level, Fx-
cept for imports, the bias proportion
iz well under 10 percent.

sent a marked contrast to those of the
sample period in reepect to biss. (How-
evar, the caudion given in fooinmots 8
ahont interpreting the significanca test
for bins applies aven more sixongly to
the post-zample than the semple peried
bacause of the much smalles number of
observations in the formar.)

Avarage arrors in both current-dollar
GNT and real GNP are positive and,
sfter the first quarter, significantly so
at the § percent level. Moresver, biss
aceounts for u sizeble proportion of the
mMAean BQUATe rror, AVerags £ITOrs in
the private GNP deflator are alse
positive, but are significant only in the
fifth and sixth quarters.

All mejor endogenous GNP compo-
nenis begin to show significant positive

. bas at some point within the siz-

quarter prediction horizon. For resi-
detitiel  construction ard business
inventory investinent, the bias is signif-
jeant Irowc the stert; for other com-
ponents, it Js significent ooly after the
second oy thind quarter. The positive
blas in Dmports tends to dempen the
positive bias in GNP.

b The Fparoenl Jrel utagnlﬂmum bl 0 Lin
staat, em (BT ¢ A teatlo of approrimately 2 or move
indlentos (bt Fhe man drer ie dpalleantly &fwent ron
2800, thak I, 1hal kias pa akgni feant. TE atwenld e noted, haw-
wri, etk {0 the Cratent cootext tha spnlisancs tost ke de-
folant gl ik charvations aoe pot tody Indabeidont e
wite they dertes o OvertappOe pradicivng,

R Jmmt:lm- :

DnthGMMaﬂda thsrelsmgmﬁ'
st positive hias in parsnnnl income,
There is nagative bmamthaunmploy _
ment yate and significant pogitive bjas
ie the private GNP deflator after the

fourth guarter.

Turning point errors

Thus far we have béen- concerned
with the guantitative aspect of predic-
tive perfermanca, that is, with the gige
of errors. (f perhaps equal importance
ia the ability of & model to dateot wall
i advance changes in tha direotion of
sconomic ectivity. The degree of re
lisnee thet ¢cen he placed on modeis to
anticipate business cycle tarning points
dependz on the extent to which they
incorporate the cyclical dymamics of
the yeal warld. _

Tha view of the buginess cyela that is
congistent with the strocture of most
econometric maodsls is that the basie
{nonstochastic) behavior relatiomships
in the ezonomy de not result in gis.
tained cycles, but that cycles wre in-
duced by interaction, via dynamic lag
patterne, between that systern of rels-
tionships, on the sne hand, and random
hocks t¢ those relationships and to the
emooth paths of the exogenous wvari-
ables, on tha other. The thacraticel
foundation for this view was developed
by Slutzky.' Its rolevance was later
tested first on an earlier annusl TS
model * and more recently on two
quarterly models including a vergion of -
the BEA model.® In the first study a
clear similarity was found between
observed historical cycles snd oycles
simulated by a model “shocked" with
random disturbances. In the moxs
recent stady, the similarity was found
to be somewhat mora temions.

Nonstochsstic simulations with the
BEA model ond with two ofher
quarterly models, made continuously
over each model’s fuil sample period
and beyond (ie., rimulations withont

L. Eogen Hlubsdey, HThs Enmmetion of Fandot Colod
a5 ¥ o Boapos af Crpalleal Frocectos, Eronomsdrica, Abril AT

of the Ko Goldnerger Medsl," Keooatiirice, Optobar 1082,
1%. Victor Sarnawlis, Sharfetie Boechan, and Gy E.
Muera, “Bininest Oyl Amalyrs of Boohosctie Model
Hruintnm in Eoeameirfe Models of Cyckicel Sedamier,
wditad by Bart 5. Hlekma, 81ndles In Tiecmvd ed Wialth,
8, Ve, 1, Hadloned Bureen of Bronomdo Hemaroh, 1571
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rendom shocke), show that the models-

tend to replicate well the first actual
business eycle in the period being
gimlated but to follow only weakly
the contours of subsaquent cyeles, or to
miss turting points altegether.® This
happens in part because the shocks that

are reflocted in the lagged endogencus

variables that define the initial con-
ditions damp out over time, and so,
scoordingly, does the oyelical behavior
of the model sinee it receives no further
ghoeles ather than erratic changes in the
.eXogenous variables.

. The above theorstical and empirical
evidence leads us to expect that for
short prediction horizons models may
do ressonably well in predicting turning
paints. The papels in chart 10 show
attusl paths of renl GNP in the vicinity

of gpecific cyelieal turning points in -

real GNP, and predicted paths using
the BEA mods]. Three six-guarter simu-
lations were Tun in the vieinity of each
turnipg point. A turning point (down-
turn or upturn) is defined to be the
quarter following 2 pesk ot trough in
real GNP, The simulations were-imti-
ated from one, two, and thres quarters
before the turning point. The turning
points include four upturns beginning
with that of 1954 and three downturns
beginning with that of 1957. All the
recesdons and zecoveres, oxcept the
most recent coe, cccurred within the
. saraple paried. :

A summary tabulation showing the
degree of the model's suceess in identi-
fying twming points and the extent of

. mistiminps is given in table 6. As one
might expeet, the proportion of mus-
timed turning point predictions n-
crenses with the interval between the
initial quarter and the turning peint.
For &} predictions, approximately two-
thirds of the wrning peints are oor-
rectly predicted. Among the eight vases
which do not shew the correct timing,
predieted turning points are off by more
than one quarter in only two cases.

The upturn in 1954-I11 is well repli-

cated by the model Each simulation
correctly predicts the upturn quarter
and fallows the actuel path of real GNP
gquite closely. Predictions of the down-

13, FMc., Ssetlen A,
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‘tirn in 1956-1V and the uppturn in
185811 are not nearly ss good. Whila
the change: in divection of renl GNP

are rocopnized in all six simulations, -

those beginaing more thin ope quarter
before the downturn and thai beginning
three quarters before the upwurn pre-
diet the respective tarning points ome
gquarter early. More important, the
depth of the 1957-58 Tacession is hadly
underestimabed.

The 1960-II downturn is predicted
by all three simulations begun prier to
it, despite the relative mildneas of that
rasession. However, the model depicts a
chorter retession than actually oe-
curred. In all simulaiions except the
ohe beginning one quarter before the
upturn, sn early wpturn is predicted.

The moderate downturn in 19601V
js correctly predicted in each of the
downiurn simulations. However, the
upturn in 1870-I1 is predicted with a
lag by each of the thres simulations
related to it. The simulation beginning
from 1970-T does show a slight gain for
19870-11, but that is followed by two
quarters of further decline so thet it
cantiot be regarded as a genuine upturn
prediction. Neverthelets, the simula-
tions de follow breadly the cemtour of
the actnal economy. (Ii should be noted
that the sharp temporary dip in 1970-
TV is aszsocisted twith the Genersl
Motors strilte, snd is unrelated to the
recession; no sllgwenee was mada for
strike effects in these simulations.) Y

Forecasting Errors: 1966-71

Forecasts using the BEA quarterly
mode}, beginning with the version pub-
lished in 1966, have heen made regularly
with horizens of four or more quariers.
From these forecasts summary error
statistics have been compiled for the

H. Zarncwtic, Hopehan, snd Moem (o of), aadimad
1ot anly fha dotentien of Miming pofuls, hat alse the degras
£ e ¢ minabatiocka I e yielmity of cytdiead bortdTig polis
replicabe, for poch basinee apels {ddicators [dentifad by the
Hetional Boray of Ecenomic Rewmoch as sccar in the
medely, tha tearllag relnfonehips typical of theo mctiel belae-
lex ol thoss indlceiers They ootolods thet medsly haws &
biaa tovrard Inadd. Far the PEA modsd, they find thet “mosk
of the fimaiated Jeading wnd colnelding serles kead [wecial
atna), whila knggive sefes shoer o beritlaney Lo eoTnaids”
[Thid., @ ML O must cmphaalte the tendsHreoess of
thlx Aindineg, however, minca the period covarsd by tha mad
viane is short alotive bo the tioe apan ek formis fhe bare
wf the NBER s clsdtilfieation of indicators
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period 1966-Y through 1971-11."° Tha
historical record does not represent a
set of wvalues penerated by & constand
forecasting reechanism, Rathar, it rep-
resents the experience of 2 team using
sn evolving econometric model. The
model structure has been changed con-
tipually in both mejor and minor ways
snd was periodically reastimated, and
pach forecust was made with the lntest
version. There is alse. s Tacik of exect
consistency among forecasts in the
degree of exogeneity and in the choice
between expectations-based and endog-
enous variante of fixed nonresidential
investmant equations. _

Before turning to an examination
and evaluation of forecasting performs-
ance, we first explain the role of judg-
mental elements (sther than the fore-
casting of exogenous varisbies) in model
forecasting. Alzo, two methodological
prablems involved in compiling fore-
¢pat errors and their solution are dis-
cussed.

Judgmenta! elements in forecasting

It is possible 1o generate model fore-
casts mechanicelly, just as was done in
the case of the predictions, aimply by
iiplugging o™ the nacessary exogenous
variablez over the forecasting horizon,
perhaps adding formula-based constant
adjustments, and solving the maodel

15. Thizgoarber Is satas the outod pamt crimarby becuss
the new prics and wage polkey, beglining with the freers
Impand on Angust 18, 1971, intriduced an imperiaat 1ms
torsl shange thot Wt notanied paed.
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seqientially for the desired . peried.-To
mavt. practitioners 'of ‘econometxic fore-
casting, however, such a procedure ap-
pears insdequate. A model can be a
" powerful &id to forecasting; but it
-ghould nat be s siraightjacket. -Most
experisnced model forecasiers exercize
considerabls control’ over their model’s
output by deperdng frowm mechanicel
procedures. Such departures ars baséd
on internal information {(nature of pest
equation residuals), external Informa-
tion (knowledge shovt the acomomy
that is noi incorperated in the model

SURVEY OF CURRENT BUSINESS

strueture or is inconsistent with pre-
liminary model outpuis}, or judgmental
restrictions.on the outputs.
Judgmental - elementa {other than
projections of exogenous veriables) are
usually infroduced by using constent
adjustments that do not rest om & for-
mula. Such adjustments are mostly
made prior 4 Tunning & forécast. The
following are specific reasons—based on
internal or external infortastiocn—why
such prior sdjustmenis’ are made:
First, the recent pattern of reaiduale
mey nDob suggest the “decay” process

31

giver by the formuls. For mnstanee, one
would obvicusly not wani to uss the
formula employed in the post-sarnple
predictions # recent tesidusls show &
cleer tremd; rather, one would tend to
continne the trend m the adjustments.
Second, thore mey be special Ifsctors
which azplein the moest vacent residuels,
but which are not relevant to the fore-
cast period or are relevant in a epa-
cdal way. Third, the forecaster may
know about an impending civcum-
stance, eithéer as = certainty or as a
substential possibility, which calls for
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gpecinl adjustment; or he may regard
certain factors thed are not incorporated
into the model structure as relovant
during the peried of forecust. Examples
ara: lepislation having somefutireeffect;
& strike threat which is expected to
load to certain Jnda of anticipatery
hehavior; the dirsct affects of o strilze
" oo production; the offect on consumy-
tion of a large and prolenged decling in
stock prices. -

There is ons kind of axtmai informs-
tion in respomse to which adjustments
are (normally) mede only after an
initial run ia obtained. Since the firat
quarter covered by each forecast is
usualiy well in progrese at the tima of
meking & forecast, thers iz partial in-
formation slready sveilable on develop-
ments in that guarter. Thus, if modsl
outputs obvieuely eonflist with what is
indicated by the partiz]l date, the dif-
ferences bocome a basis for making
further sdjustments.

After making adjustments bazed on

objactive information, the forecuster

mey still decide that certsin outputs
are “unressouable,’” and he might,
therafore, make further adjvpetments.
What constitutes ‘‘reasonableness ™
that #s, & valid basis for imposing a
judgmentsl constraint on & medel's
ountput, ie a meoot philosophical issua.
As & practical matter, judgmental
modifieations are introduced, for ex-
ample, when predicted changea are
sirikingly larpe or small compared to
past changss or when certein reftios
are well mutside their historicsl renpe.
It should be smpheasized that we have
tried to refrain from making judgments
sbont global or summary megnitudes,
such as total GNP or the pries lavel,
but rather have confined them to
specific items, such as componants of
GNP, and to notions of eonsiztency™
among variahles. ®

15 Thir sMsaction sontradots the Sllowing coodosion
bexed on & stndy of BEA{OBRE) and Whartoh madal five-
éaiti by Toal Haltowsky wid Gedigns Taye: '"Wa And that
thawe g oty B belfgem thnt in tee first quarter of the
Inracast, both the walbes choten for the arogatois Tatiabibes
and P &ierdtomicy condbaat i lmants wars Infinimced
by Lvberation Batwoen tha fargeasber snd the raodal forscask
and Fhat thit Intaraction hnpeoved . . . Bk guarter festasts
[l GHPT" ("Forboaity wth Qoureey]y Macttcanmstris
Madels, Bouation Adjnsiments, avl Banchwark Predic
Hops," Reciow of Eostirmier ond Sarhiiie, Atguas 1902, D
0%, THin rtabiorient ety thet the Raesorar Sy Stam-
skeally adfost convimnta Ly mach & way aa bo offwd Hie affert
oF oo In T sedina s Taniahked an the Morseatts of GNE.
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‘At times certain behavioral relation-
ships breek down.to such an extent
that it becvines easier to .substitute
extraneoyus estimetes: of certain varia-
bles for endogenonsly determined vahies

than to try to modify the resulis by .

constant adjnstmenta, This has, for
instance, sometimoes been the oaze with
housing starta. Another sxample; Equa-
tions based upon past market deter-
mination of wagea and prices bacome
ingppropriate if price-wage policiea such
a3 those initiated in August 1971 are
effactive in modifying price and wage
behavior.

Selection of forecasts and computa-
tion of errors

We have frequently made more than
one forecast during & quarter becanse
of significant date revisions, new data
on the quarter in progress, or other new
mformation calling for the modification
of previously mads assumptions. Mora-
over, we have clien presented alterna-
tive versions of a forecast fncorporating

alternative assumplicns about policy -

decisions or about the ecourrence of
soine exoganous Puture event, such as
& ctrike, or aléernative time paths of
certain azogenous variables about which
thexre was coneiderable uncertainty.
Also, in some instances where it ap-
peared unlikely that certoin endogenousz
vatiables would furn out sz predicted
by the model, slternative fovecasts,
making these variebles exogenous, were
run.

For the purposa of analyzing forecast
arrors, only one foracast made in each
quarter has bsen selested. The prin-
ciples underlying the selection were us
follows: First, wheraver possible, the
forecest chosen was one made after the
frsl wnationsl income and product
secount  estimetes for the previons
guarter had hesn complated, but hafors
substantial two-month informatiom for
the current quaréer was becoming
available, ie., roughly between the
fifteenth day of tha second month of
the guarter and the temth day of its
third month. Second, if 8 given forerast
had versions with differing degrees of
endogeneity, that with the maximum
endogeneity was selected. Third, where

more than one fiscal policy or, atrike
verlant wea availleble,. the -varant
whose sssumpfion most clesely. ep-
proximeted the actual subsequent event
whs selented.

- The pericdic revision of deta creates
a problem for the messurement of
forecasting error, but one which can be
essentially overcome, It is assurmed

-thet revized data are mors. accurate
than preliminary deta and -hence are

a rinta appropriate basis ageinst which
to evaluaie forecssts. Sinee .the inital
condition: and the date Leing forecast
tend to be revized in the same direction,
som.e kind of adjusammt of the foracast
for revisjions in the initia! conditions

1= warranted. (When a forecast horizen
extends over the.time. of the annusl
(July} revisions of the pational income
and product accounts, unrevized date
for the final quarters of the forecast
horizon that are comparable to the
unrevised initia]l conditions de mot
aven exigt. )

O the assureption that forscesting
securecy s to be judped on the basis of
cumuiative changes from the initial
levals, the solution to thiz problem is
straiphiforward for a linear system:
Te compute the adjusted error for any
variable in period f-44, where ¢ denotes
the initial period, celeulats the ad-
justed forecasi level in é-7 by adding
the cumulative change originelly fore-
cast from £ 10 {44 to the revized initial
leval; the revised actual level in {41 is
then subtracted from tha :au:l]ustarl

foracast level:
S e=Flpi—Ales
-{AI_F?-F :“'A?J _AIH:

Wll.ETBEH.:iS thea ndjusted. eTIor, A m:u:l F
are actmal and forecast values, and the
soperscripts » and « indicate Tavised
and unrevised walues respectively.

In & ponlinear syatem, such a2 the
BEA model, this approach can lead to
inconsiatent errors. For example, the
edjustad foracast level of & curreni-
dollar GNP component in f-+1 is, in
general, not precizely the same when
carrent-dollar values are used direotly
as it is when the separstely forecast

|
|
1
|
|
|



real GNP components. and implicit.

price deflators are used. However, over
relatively = short f-::-re_rcastlng horizoga
the incopsistency iz not, likely to be
sarions. Thus, tha a.ppma.-::h des¢ribed
al:-mfa was . uaed to caleulata. adjusted
ITOr, fu]lnrwmg the convention that the
adjustment i applied d:mcbiy in each
cise to the variable. that i is. the subject
of arror man.summant.

The plm for the remsinder of this
seotion is s follows: Firet, RMSE and
biza atetistics for ez-enie {I.E actual)
forecasts are presented, Ervors in ex-
ante forecasts are-then compared with
errors in post-sample predictions. Next,
erTol's in ez-anie forecasts ara compared

with errors in corresponding “ex-post’.

forecastz {(adjusted ex-onte forecasts
with aetual values of erogenoys variables
substituted for the foressst valdes) in
order to determine the affect of arrors
in forecasting exogenous variables. Fi-
nally, after a brief discussion of the
problems of evaluating forecasting per-
formsnes, comparisons are made
between errors in the sr-ante forecasts
and thosa based on extrepolstion ueing
autoregrassions as “naive’ benchmarks.

Size of errars in sx-ﬁ_nm Jorecosts

Table 7 shows root mean square errors
for mejor vamebles from sz-anis fore-
cests with horizons up o six querters.
As iz indicated in the first line of the
table, the mumber of foracasts is not
constant for the various horizons, but
diminishes a2 the herizon lenpthons.

The RMSE's show 2 general tend-.

eney b0 risa as the horizon lengthens, as
they did in the case of the predictions.
(A falling off in the RMEE's for many
of the items in the teble in the sixth
quarter may simply refloct the fact that
oply five of the 22 forecasis sre Tepre-
sented for that horizon)) As in the case
of the prodictions, there is a iendency
for offsetting errors among GNP com-
ponents. Moreover—and this is a new
teature—thers is & very strong off-
sebiing of errors hetwean real GNP and
the priee level {raptesented by tha
private GNI daflator), resuiting in only
moderats erTors in current-dollay GNP,
Ag shown below, foresast exrors in these
variables show bias in opposite
directions.

. BURVET OF CURRENT BUSINESS

Ermrors in personal consemption ex-
penditures pud In business inventery
investment sre heavy contributors to
eryors in current-dollar GNP forecas:
one quartér ahead. Errors in forecast-
ing consvmer purchases of autos and
parts (shown only in 1958 dollars in the
table) sccount for a mejor portion of
the errors in forecasting totel personal
consumption axpenditures, despite the
fact that eutos and partz purcheses are
only sbout oune-tenth of the total
Brrors in fized nonresidential invest-
ment apd imports bocome prominent
by the fifth quaries.

The RMSE's for sach of the iwo
main exogenous components of GNFP—
exports and governmeant purchasee-—
are algo substantial, but the BMSE for
the sum of the two components is
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considerably lesa  than the sum of the
separate RMSE’s, reﬂechmg substantiel
offsetting of errors. The size of arrors in
tha sum of government purchases rala-
tive to that of errors in total GNP
diminishes as the forecest horizon
lengthens.

Forecest errors in parsonal income
increasiugly dominate those in eor-
porate profits as the forecast horizon
lengthens, In percentaga terms (not
shown), however, RMSE's for cor-
parate profits are uniforroly larger.
Bivs

As noted ahove, ertoes in forecasts of
curtent-dollar GNP sre modersated by
offsetting errors in forecasts of prices
pad real GNP. This offsetting reflects
e positive bias in forecasts of resl GNP
and & asabstantis! negative bins in
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forecaits of the deflatar, ‘as can ba sean
in table 8 {comparable to tabloa 4
end 5. Thebmamt]mmal GNP
forecasts’ becomes - significert “at tha
5 percent level after the fourth quarter.
For the deflator, biss is slgm.ﬁcmt for
all ‘guartera. -

The positive hinsm.tha ‘veal GNP
forecast errovs zeflents &  positive,
though not significant, bizs in the fore-
cast errors for real persomal eonsump-
tion expenditures and a'strong negative
hing in forecaat errors for real mer-
chandiss importe {not shown in- the
table). In current dollars, there ars
larpe and significant nepative errors in
total imports, whils the sum of the two
main axogenous veriables (exports and
government ~purchuses) -ako has a
negative menn error for- all quarters
with bias significant in the third and -
fourth quarters, On the income side, &
strong negative biag in the personsl
income eorrors iz partly offsat by a
positive, but marginally significant,
bias in corporata profits. Errors in the
unemployment rate show no significant
bins.

The source of bias in forecesting
errors is not clear. However, through
o systematic decomposition of errors by
sowrces of ervror--which we intend to
undertake in ths near future—we can
identify equations that are eritieal in
producing bias and make adjustments
that tend to eliminate it. Redaction of
bins, of course, serves to reduce the
giza of errors, '
Ex-nnte forevnsts versus pnal:-mmpla

predictdons

The ex-onds forecasis veviawed in this
article differ from the post-sampls
predictiona in the following ways:
{1) The forecasts cover a longe time
period; (2) t.hay incorporate s mixturs
of mndal versions and & somewhat

varyipg degies of axﬂgenmty, (3) they
use :.udgmentul projections of exog-
gnous variables rather tham actual
values; (4) they embody many judg-
mental {n place of mechanical) eon-
stant adjustments; (5} thay use un-

-revised rether than revised data 8s

initis] conditions.

Because of the multiplicity of differ-
ences, it iz difficult to compald error
statisiics from the two sets of 1nain 8
meatingful way. It is also hazardous o
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generalize. from -them becsuse of the

exireme shortness of the period covered
by the poat-sarnple predictions. Having
both' zeta of results; -however, makes a
" comparisen between there irreeistible,
pod we shall try to draw such tantahve
mferances as-we can. -

Comparison: of table 7 with table 2
reveals that for both current-doliar
GN¥ and redl GNP, RMSE’s of the
sx-enfz foreonsts are.in almost-all sases
smaller thaw the RMS3E's of the post-
sample prediccione. For cwrent-dollar
GNF, the compsrative sizes of the
errors reflecis primarily the fact that
offaatting biases hetween price and
cutput errorz occeur in the forecasts,
but not in the pradietions.

EMSE's for components of real GNP
ara alzso generelly smaller in the fore-
casts. Howeaver, the: relsiive composi-
tion of arrors is broadly similer in the
two cases; in the case of the forecasts,
arrors in personal consumption expendi-
fures dominate those in toial GNP io &
somewhet greater extent.

Errors in the private GINF deflator,
besides beimg negatively biased, axe
substantially larper in. the forecasts
than in the predictions. For horizons up
to five quarters, the root mean sguare
percentage errors are almost twice as
{arge.

Forecasi; errors in the unemployment
rate are smaller than thoss in the pre-
dictions, a result that is consistent with
the soaller errors in reai GNF. Errors
in forecesting both shoré- and long-
term interest rates are generally much
larger than in the predictions. This
stems in large part from failure to
forecaxi correctly changes in the dis-
count rate, which ¥ axogenous and
which hag o strong impact on. the short.
term rate and an indiveet and weaker
short-ryn impact on the long-term rete.

In order to remove, at least for the
aggregative sutput and price Tariables,
differences between forecasts and post-
sample predictions that ara due to the
difference in the tHma peried covered,
EMSE’s for these variablas wera slso
computed for the subsei of forecests
covering the same period (19681 to
1871-1T) used for the predictions. Table
9 shows these RMS3E's for current-
dollar GNP, reel GNP, and the imnplicit
yrivate (NP defintor. The same general
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Table 9. ==Eoat M axm Equm Errors of Saluud Varinblea: Ex=ante Forecasts Vevwue Post
Sample Predictions (1969-1—1971-1T)

Formesait or predictlon horiesm {quustas)
_ 1 |2 | g | e ) osq | e’
Eross o] prodmet (il Hons o ol katy}c . ]
T T S 07| 4.7 | Baa| EEi| B 1.1
Post-sample prodiotiomb. . o veveue momo - i o w0 | 1180 | 1549 | ReE mg A5
Girmpy ool prodacd (DT e of 1965 d i)
- Px-ante foresasta rraianmmsnmsmas e v oty | ses| noz|is| el »
Poat-eamnple predlotiont. . .. vvevmve - oame e AB | ELL RG] LAON| ANTE| LS
Tonplisis dallater, poituks GHEP (IDEE=1081
Er-ants forecants. - . v Ry in o bt Booar] Lk Bl 24 &8
Pont-saxiphe prodistlooy. ... s RN B ) ) AL .m N3 1.5

patiern smerges as in the comparison of
the full sat of forecests with the predie-
fons. Fox current-dollar GNP, RMSE’s
in the subsat of forecnsts exs smaller
then in the the full sat, averaging only
about one-third ss lerpe a8 in the pre-
dictions. After the first quartsr, real
GNP orrors are larger in the subset of
foracests than in the full set, and are,
therafors, closer to the pradiction errors;
in the fifth and sixth guarters they are
gregter. Frics errors sre gonerally soma-
what greater in the subset of foracasts
than in the full set, and thus show an
aven wider margin over the price srrors
in the post-sample predictions. There
iz evidently more offsetting of errors
betwesn real ontpnt and the price lavel
in the 196871 suhset of foracasts than
in the full set.

The relatively poor performence of
the forecasts of the price level, as com-
pared with the predistions, is largely
explained by bigger errors in produoe-
tivity (oatput per man-hour) in the
forecasts than in the pradictions {judg-
ing from comparisons based on tha full
set. of forecasts). Anocther possible
explanatory fector is that a recently
introduced method of solving for the
price lavel, which has hesn showm to
raduce axrors,"” wes used in gll of the
predictions, but in anly the last few of
the forecasts. Frroras in the private
zector wape rate——the other element of
unit labor cost, which is fhe main
determinant of the price lavel—are
somewhat smaller in the forecasts than
in the predictions.

17, Albert A Hirgth, "Price Umublationg w#ith thy ORE
Epacomebois  Model,’” In Eetrianelries of Prie Bebardor,
odited by Ot Eelotalt, Board of Gowemors of o Federal
Pydarvy Boabacn, 1M

The resscn why errors in real GNFE
are smaller ih the #r-gnle [orecssts
than in the post-sampls predictions is
Ysse obvious. Tha above cornpatisons do
not indisate offsetting of langer arrors
among components of resl GNP; nor
do the results of the next section
show substantizl offsetting betwsoen
errors in exogenous variables and model
prodiction errors. A likely explanation—
though a tentstive cme—is that judg-
mezatel adjustments have condribuied
to forecasting aacuracy, at lesst for the
firat fow foreeast quarters'®

Ex-post versus ex-ante forecasts

The main judgmente]l element in
econometric forecssting is the projec-
tion of exogenous varinbles, It is thus of
intersst to determine whether errors in
these projections have woraened the
wceurscy of the GNT foresasts, and if
50, t0 what axtent. This can ba ascer~
tained by repeating forecasts made in
the past with all inputs cther than the
exogenons varisbles kept intmct; for
the latier, the actual values are used.
Thiz type of repetition of past ex-onie
forecasts is called ex-post forecasting.

Yrhat cannot be done, uniortunately,
is to update the judrmental eloments in
the constant adjustments—that is, de-
portures from mechanical adjnstments
—in accordance with date revisions and

18 This inRevnse [+ sorvaborated by aet dancs i the stody
by Haltaraky and Trays {op. o). For both the BEA and
Wharton Modal Frecasts that ars anabyzsd, the foeceals of
avprenit-daliar GH P, ral GNP and the tremmploymoest eate
ara penerally poorer whan the Judgoental soxatant adiosk-
menks wrd ehkeel by meshaneal adusomeots (Hak (e ar-
At adogannt warables ave wad). We are mudertaking a
Teots iotenabrs InveMpetien of the rele of diffarent klnde
at Judgmenk In forscaating and we il Tepart e reoolia
orhian otk chaarvalloa bestmd 4kl
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Table 18—Root Mtan Sqoare Evvors: Ex ante vernus Ex-post Foreoania {106T-FI—14T1-10}
—
Forecant horlzon {qoamters)
1 ;2@ | | | sy | 6q
Hslear of obeerTatoms. v anam s n s e nna s nnana | K K| W I3 ) 5_ 4
ww“ (llivry of doliare): ' -
P T - % -] 0G| 1G] LB 1B4B i )
Expohs o ianend R s ern .. L83 | LS| MG g1 | 2Hm] 184
. Aroes astlomnid prodect  (Wliiena o 1990 dw e s 1 -
3T T T A 1 '] -0 k1] 1230 | M.39 18, 714
B, .csssanars s nnnnin v nann [T e LBl EAL| IhE4] 1342 | MK L4, 0%
) " BRI
Bi-mlk....u.....-...-.........-..-mt..".-.-.-.-...-.........-......._._. i ) L 1.7 LT L
2 N ) . Td 1.2 l.'il'ﬂ_ e -4y ]
ll-lllﬂ....:r..““....:.....-.-.......“.........-...-.-.-.-........_;__ I - A O .1 ]
B <=2 T BTN T 1. T2|- e B

ee-post knowledge of specis] factors. those of the corresponding ex-oniz
The problam is that. this would have to  foracasts. _ '
be done in & way that is not prejudiced The reculis ara mitad. Forecasts of
by the actual ontcoms of the data being  curxent-dollar GNP ara wniformly and
forecast. Pottmg it in another way, 80 substantially poorer ex-pest. Wa have
far as the constant adjustments are not compiled all the necessary data fo
concerned, we cannot. disentangle the determine precisely why this rather sur-
uncertainty of the forecaster’s judg- prising result occurs. As in the case of
ment from the “uncertainty” (i.e., the analogous superiority of ez-anie fore-
. puraly stochastic elements) mberent in  casts over post-semple predictions of
the model. Thus, in our effort to remove  gurrent-dollar GNP, 1% oust result from
errors of judgment, we sre limited to  offeetiing exrors. In this instance, how-
the removal of errors in projecting exo- ever, the offsetting océurs batween
genons varisbles. arrors in the exopenous variables and
Reforoncs has slready besn made to the arrors in the model equstions. For
the study by Heitoveky snd Treyz of real GNF, RMSE's of ez-post {orecests
ex-onfs end ex-posd forermst errors in are only slightly worse in the first four
the BEA and Wharton modala (footnote quarters-and are substantially bettr in
14); the period eoversd for the BEA the fifth and sixth quarters. The
reodel in that study is 1967-111 through B MSE’s fer the cx-post and the e: -ante
1960111, It has not been possible toe forecests of the private GNE defluver
replicats forecasts made prior to 1967- are almost identical until the sixth
I1E, hut Tesulis of the forecasts covering quarier. Hr-post forecast errors in the
1969-TV thxough 197i-11 have hesn unsmployment rate are slightly larger
added. Thus, ex-post forecasts can be untll the sixth quarier, primarly ve-
sxamined for all but the firet five of the flacting the larger ew-post errars in real

full set of 2s-ande forecasts. ouiput. +
In the az-post forecasts, values of the Whils there are no formal hypothesis

. . tests to ascertain whether the differ-
exogenons variables wore detarmined by ences between ex-onte and ex-post fove-
linking changes in them, as meuaur.ad cast errors are stetistically significant,
by dain now available, to the initiml . .nol] differences for variables ofher
lavels used in the ez-gnte ferecmsts. .0 comreni-dollar GNP and the small
ﬂ.djllEt«Ed errors in the andngenous oumber of dggrm of freadom gtrnngl}r
variables were then cotnputed in the sgppest that the differences are not
saine way as described for the ex-amde  significant.
forecasts. Table 10 compares root
INEAN sSquare arrore in current-dollar
GNP, real GNP, the private GNP  Peformance
deflatar, and the unemployment rate Clomparisons have betn made Ee-
for this set of er-post forecasts with tween ez-anfe foreeast errors and pre-

Further evafvation of forecasting

diction exrors and between:ez-ante and
ex-pogt forecas) exrors. However, neither
set. of comparizons, answers tha ques-
tion: Is an sconometric modal (and the
BEA model in particular) & useful de-
vice for Fovecaating? - - :

This question camnot be answered
unasmbiguously for at least the following
reazons: (1) There is no fingle criterion
of - forecastiog. quality; (2) what con-
stitutes a sufficiently accurate forecaat
depends on how the results are to be
mzed; (3) s previously noted, one can-
nt fuilly separate the use of a model in
foracasting frorn the judpment of the
forecaster; hence, various tests thad
attempt to essess the contribution of
the model to forecasting are not whelly
satisfactory; (4) the conimning process
of model development and improve-
ment and the changing structure of the
economy imeply that the past record of
& maodel is not 4 clear guide te its future
performance, ) '

In regard to the first point, it must
be borne in mind that a forecast does
not yield a siogle megnitude, but »
whole vector of outputs (and for multi-
pevied foreonsts, a set of such vectors
or matrix of outpuis). A forecaster or
forecssting systemm can, for instance,
produce an excellent record in terms
of current-doflar GNP, but o poor ons
in terms of composition of final demand,
prices, profits, atc. Again, a set of quar-
terly forecasts might include good one-
and two-quarter projections, but poor
onez bayond that: or it may provide
good year-ahead forecasts, but give mis-
leading quarterly petterns and fail to
indicate cyclical turning points. Theira
is o objective basis for weighting thesa
verious elaments to arrive at an overall
rating of forecasting qnality. .

One may compare modsl forecasts
with forecasts obtained by other tech-
niques, but hers elso there are problems.
For instance, the record of an eecono-
metrie forecaster, or of a group of
econometrie forecasters, can be com-
pared with that of a selected group of
judgmental forecastars over the same
period. However, it iz not likely that a
repufabla judemental forecaster exists
who can slaim to be wninfluenced hy
econometric forecasts (and probably
plzo vice versa) and thera iz an obvious
problem in daciding which econometric
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and judgmental forecasts. ars. to be
compared. Ancther obstacle to mean-
ingful comperizon is -that judgmentsl
and sconomettic forecasters do - not
project & common set- of valnes for the
emogenous variablea -of the models™
Standardized comparisens of the fore-
casting sbility of different econpmetric
models sre also hard to obtain.” The
difficuléy in sorting cut the forecastar’s
judgmentsl arrors from the performancs

of the model is a particular problem

here, ¥

Lomparisan of ex-ante foreonsts with
“rigive’* benchmarks

In view of tha problems of finding an
absolute standerd for evaluating fore-
caste and in comparing mode] foracests
with judpmental’ forecaste or ome
model's forecastz with those of another,
it is worthwhile to maka still another
kind of comparison, namely, between
gz-anle forecasis and so-callad “naive”
extrapolations. The latter approach is
ona that makez mo use of economic
knowledge other than past daia on the
variables In gquestion snd hepee ts
meraly & methanical devica for pro-
jecting the data. Such & benchmark can
vepresent a sort of floor below which, it
is hoped, forecasting performance based
on the non-naive method will not sink.

A whole spectrum of naive bench-
marks, varving in degree of com-

18, Matwikhstanding thesa diffcaltiss, 2 vary tehbalve
comparicon bBatwiss mode] And jrdnamty] fonsbants hag
e e by Wiator 2aemed to, nslng the BE A and Wharton
mrlel rasaléa obkained by Halleviky and Troye. Acsmding
by Tarpieite, models hare "o a¥ght adge’ an fudgmental
foreapatn; "Farepaating Poonands Somditions: Record wnd
Prospect,” To¢ Beaimen Cpcd Todep, sdlied by Wiekir
Zyrnpwite, Watlonl Bungn of Feanonile Betsarch, 1075
uppendally pp. S5-I

B A cotpartt) v wbieon 4 Lo muske 00 Sl 0 Pl
of peadigtiTa ahility and sibar Deoperties, ey Impeslng 3o
teidorss &6 vodlvrm o poaitle, bed bean ideriaket by wae.
004 yucdel bilidee TRdec the Jpansrskip of the Natoost
Borean of Econemin Esearch and the Matensl Bricdea
Frondation.

Frellminary coppariyHng 0] sInpk perat and
parind predbotions of moerant-dollae GNP end real GHF fie
ol models, iluding the DEA modsl, bty beart pablised
In Lawruvy R, Rido and Gary Fyosmn, “A Qomparican of
Elevon Eeontmalnc Modes of tie Tnitad Siates, ™ Arterkds
Bovivotnly Rartow, May 1970, (Compoxiseny of or-atte $ire.
rmats havs ot Dasnameds iy this group. ) The pgolta dndicate
relativaly Hikle variaton sorodt moced 1a RMSE'S iR
the sangpis pecled, Ahory i o Taratlam Lo Hw poal-ganapls
ammparixons; howeter, these compariarns ape anpeesd by
ok of porfmst unrmity L e Hme petiod coversd, short-
Tz of the poat-eamply pesiedin mees soces, and sdiostresnl
Bronliires., :

For tha period 1997-TI=100-T1], compaciions of ex-mmie
and eropee! foressat resmlts for key varlables fremn the BEA
sed Wiwiton el odng actitsl sl Altwcatlve copstant
A iatpemt peocadnpes vy Aleo besn poblihed (Haltovaicy
sod Treart, op- ok,
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plexity, is available. The simplest ene
is a projection of no change from the
previous perigd. Since the economy is
generally upward trending, it is claar
that all sericus forecasting systems
would win over .this benchmark. A
benchmark that provides a somewhat
harder test is extrapolsiion of the
seame change as in the previcus period.
A more complex .benchmarl, which
involves statistical inference applied to
pest aconomic data but which again
fails to incorporate hypotheses of eco-
nomic cesuslity, is en aytorepressive
exuaticn, that is, pna in which the vaz-
abla in question dapends on ita cwn

lagged values:
Yi=ﬂn+?-|Yt—1+ﬂiY:—a+- T
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Table 11 shows RMSE's for extrap-
olations of major variebles one to six
quarters shead mads using “second-

‘order” autoregressive equetions, thet

is, equations having two Isgeed walues
of the dependent variable. Enclusion of
the second as well as the first lagged
value results in difference equations
which may yield cyeclical movements
as well as growth. Asin the predictions
snd forecazts masde with the model,
the autoregressive extrapelations were
generated dynamically; that is, extrap-
olated rather than actus] vafues of the
lagged dependent wariables were used
where needad as inpuis.

Extrapelations with the sutoregres-
sive equations were mede for the sama
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period as that for which the model
forecasiz are presentad, ie., -1966—

1971-I1. However, two sets of param-
eter estimates were made for each
autoregressive equation: The first zet
wis estimated over the period 1953-
TI—1966-IV and used t¢ extrapolate
in 1967 and 1968; the second set was
estimated through 1968 and used to
extrapclate in 19G9—1971-11. This re-
sstimation of the autoregressive aqua-
tion parameters corresponds to  the
timing of mejor reestimationz of tha
modsl.

For current-dollar GNP, the maodel
#x-gniz forecaszts are, oo balance, supe-
rior to the suloregressive extrapols-
ticns, slthough & reversal ocours in the
third and fourth quarters, The xrodel
forecasizs of real GNF are distinetly =o-
perior to auntoregressive exirapolations
throughout, while the forecasts of the
private GNP deflator are inderior to
the extrapolations until the sixéh quar-
ter. Perhaps the auioregressive price

equation capiures tha role of price.

expectations to s substentisl degree.
Among components of real (GNP,
model forecasts are bebter than au-
toregressive extrepolations of total
consumption expenditures, fixed non-
residential investment after the first
guarter, lnsiness inventory investmant,
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and, to a slight extent, resideritial enni-
struction outleys. However, model fora-
casts are wealcer for consumer purchases
of antos and parts after-the firat guarter
and merchandise imports in 211 quarters.

Beyoand one quarier, the modal fore-
casts of personal income yield substan-
tially larger errors than the autorapres-
give extrapolations. For profits, the
two seta of exrors are closer, although
tha model forecasts are slightly poorer.
The model forecasts are supemior for
the unemployment rate snd the long-
term interest rate, but not for ' the
short-term interest rate.

The mixed pexformence of the sx-ante
foracasts relative to extrapelation based
on sutoregrassion is somewhof dis-
appointing. However, this -does nat
suggest that we should abandon econo-
metric modelsin favor of auloregressive
or other empirical extrapolation tech-
niques. Rather, it points op the need
for further i provament in model atrue-
ture or, in statistical techniques of
estimation or prediction. Even if they
would consistently yield more aceurate
forerasts, purely empirical technigques
could not deal with the impact of
assumed alternative policy decisions
and other contingencies. Only a model
can do this.
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Anpust'i9ry
SI:m:nmugpr of Ma;ur Findings

(1) Bath pmdmtmn a.m:l furacastmg
errors iend -to grow in size as the
predicéion horizon is extended. - Thig
tendency is. greatly subdued in- pre-.
dictions and forecrsts . of' quarterdy
changes—as distinct fmm the lervals-
of the verigbles.

(2) In both the predictions -and the
forecasts, root mean square errors
{RMSE'E} in such apgprapates sz GNF
and personal consumption expenditures
are suhst.antaa]ly lesz than tha sum of
RMB3FE’s in the componants, indieating
offsetting of errors.

{3) The errors in the post-sample
predictions are generelly znuch larger
than in the sample period predictions,
For trend-typs wvariables, the excess
of post-snmple over sample period
errors i3 less in percentage then in
abgsolute terms, but still substantial

(4) The ex-anfe forecast errors are -
smaller than the post-sample pradiction
errors for real output, but substantally
larger for the price leval. It iz con-
cluded tentatively that judgmentel ad-
justments in the constant terms helped
to improve the forecasts,

{5) Thera is virtually no bias in the
sanpls period predicticns. Howewer,
errors- in both the posi-sample pre-
dictions and the forecasts show evidence
of significant bies, though the signifi-
cance tests are tenuows., The posi-
sample predictions show sgnificent
positive bies in real GNP and in certein -
GNP components, but net in the price
lavel for the frst few quarters. In the
ex-onte forecasts, by contrsat, bias in
real GNP is positive, though not statis-
tcelly mgmﬁca.uh until the fifth quarter..
There is a strong negative bias in thae
p‘ﬂﬁa level forecasts, which offssts the
pesitive biss in real output and results
in relatively small errors in money
GNP.

(6) For current-dollar GNF, ¢z-post
forecasts {those in which the projected
values of exogenous variables uzed in
the ez-ante forecasts are replaced by
actual velues) yiald larger errors than
er-onie forecasts for the whole forecast
horizon; this results from offsetting
erroTs in exogenans variables and model

{Continued on page 87} .
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{ Coniinued From page &)

months ending in June. An official of
the United Auto Workers hss atated
that the union’s demands In bargaining
an the auto industry eontract, which
expires Seplember 15, could shift to
placing & much higher priority on get-
ting a lerge wage increase, if the mem-
bers begin to press for it. Recent
gtatements by both the Treasury Secre-
tary and the President of the AFL-CIO
havs acknowledesd that if the price
rize does net slow, labor can ba ex-
peeted to demand substantially larger
wage incresses later this year and in
1074 tham has been the pattern thus
far in 1973,

National Accounts in the
Second Quarter

On the basis of more ecomplets
source data, BEA hes revisad the
estimate of second guartér GNP. The
revisions of the components are very
" srnell, and have a negligible effect on
tote]l GNP. Real GNP is very slightly
srnaller then pravicusly estimated, cur-
rent dollar GNP 3 slightly larger,
gnd the implicit price deflater iz aleo
higher.

Corporate profits

According to the preliminary esti-
mate, corpornte book profits hefore
taxes incrensed $10% billion in the
second quarter to a seasonally adjusted
anmual Taie of $130.1 bilien. Book
profits had risen $13% billion in the
first querter, snd about $18 billion in
the year from snd-1971 to end-1972.
More than one-thitd of the second
querter increase was in durable goods
mapuincturing; advances were also
reported by nondurables mannfactures
gnd financial ipstitntions.

Bock profits include gaing or losaes
due to differences between the replace-
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reent cost of goods taken- out of in-
vembory and the cost at -which - these
iterns are charged to prodmetion, Pro-
fits as measured in the national mcame
sceounts (NIA) imclude only profita
arising from cuwrrent production, and
thus exclude inventory profita—which
wern gt an annuel rate of $21 billion
in the secend quarter, up $5X Tillion
from the first. Thus, pretax profits om
the netionsl income baesis rose S4X
Lilliom to a seasonully adjusted snnual
rste of $100 billion. The national
income profite figure hed visen $5%
billion in the first quarter and $15%
billion from end-1371 to énd-1972.

Federal fiscal position

The Federnl fisoal position as meas-
wred in the NIA was in approximate
balange in the second guarter. Large
increases in receipts far outpaced the
growth of expenditures, snd the ac-
counts registered a nominal surplus
of $.1 hillion at & seasonally adjusted
annual rate. There has been deficita
of $6 biliion in the first quarter and
$23.4 billion in the fourth; & surpius
was last registared in the fourth quarier
of 1959,

For the fiscal year 1973, the pre-
liminary figures (based on data not
seascuelly adjusted) show a Federal
deficit of $12.1 billion es measured in
the NIA. This compases with a $26.4
billion deficit estimatod on the basis
of the Jennary budget, with NIA
recsipts having come in higher, snd
axpenditures lower, than indicated in
the budget. Table & shows the relation-
ship between the unified budget and
the NIA messures of raceipts snd
expenditures, os estimated in the Jan-
vary budget and as indicated by the
preliminary actunl figures. Detailed
explanations of the reconciliation items
appear on page 28 of the February
1973 issue of the Sugvey.
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squations. Differences between errors
in ex-pogt and er-onte forecasts of real
GNP, the private GNP implicit de-
flator, and the unemployment rate are
generally slight.

{7) For key oggregates—current- ;
dollar GNP, real GNP, resl personal ;
consumption expenditures, snd the un-
eraployment rate—modal forecasts are ;
syperior to extrapolations based on
sutoregressions; for the private GNP ;
deflator, some GNP cumponents, snd ;
perconal income, the Jatter are superior. *

{#) Whils the model tends to under-
estimate the amplitude of eyelical
swings 1 real output, it generslly !
recognizes turning points. However, ;
securscy in ddentifying the quarter of |
downturn or upturn diminishes as the:!
prediction honzon lengthens. g




